Backgroud: Dysregulation of claudin-6 (CLDN6) expression in cancers has been widely documented. However, no study has reported a complete mechanistic understanding of CLDN6 regulation and function in endometrial carcinoma (EC) progression. In the current study, we aimed to assess the expression and biological functions of CLDN6 in EC. Methods: Firstly, the expression level of CLDN6 in EC was measured based on The Cancer Genome Atlas (TCGA) database. Then, qRT-PCR and western blotting were implemented to detect the expression levels of CLDN6 in 82 pairs of EC tissues and corresponding non-tumor tissues, as well as EC cell line HEC-1B. After knockdown of CLDN6, with the attempt to assess whether CLDN6 reduction had positive effects on the cell proliferation, clone formation, invasion and migration abilities of HLC-1Bs, cell counting kit-8 (CCK-8) assay (24, 48, 72 and 96 hours post-transfection), clone experiment, and invasion and migration assays were conducted. Through western blotting analysis, CLDN6-mediated phosphatidylinositol 3-kinase (PI3K) pathway was evaluated. Results: Based on the data of TCGA database, clinical patients and cell line HEC-1B, CLDN6 was up-regulated in EC compared with normal. Univariate as well as multivariate COX analysis indicated that CLDN6 expression can act as an independent prognostic factor for overall survival of EC. Further, knockdown of CLDN6 significantly inhibited HEC-1B cell proliferation, suppressed the colony numbers of HEC-1-B cells, and restrained the invasive and migratory ability of HEC-1-B cells. Importantly, through western blot analysis, we found that inhibition of CLDN6 remarkably decreased p-AKT, p-PI3K, and mTOR expression level in EC HEC-1B cell line. Conclusion: Our data underscore the significance of CLDN6 in EC progression, and CLDN6 is a new candidate oncogene in EC. Our findings propose that targeting CLDN6 might offer future clinical utility in EC.
Introduction
Endometrial carcinoma (EC) is one of the 3 most common gynecologic cancers, with about 200,000 new diagnoses worldwide annually. 1 With the increase in obesity and the reduction in physical activity, the occurrence of EC is rising and exhibits a trend in younger women. 2 Currently, surgery, chemotherapy, and radiotherapy are the main therapeutic strategies for EC. Nevertheless, only a minority of EC patients are sensitive to these treatments. 3 Moreover, type II EC patients have a poor prognosis with 5-year survival rate ,35%. Claudins (CLDNs) are critical transmembrane proteins in tight junction, which function primarily as a barrier against paracellular transport between epithelial cells and the CLDN family. These proteins play important roles in cellular adhesion, polarity, permeability, and glandular differentiation. 5, 6 Abnormal expression of CLDNs has been considered as a molecular mechanism of the progression of cancer, for example, breast cancer, prostate cancer, and ovarian cancer. [7] [8] [9] [10] CLDN6, a member of CLDN family, is located on 16p13.3 and maintains cell-cell junctions in epithelial cell sheets, and the expression of this gene is mainly observed in mouse embryonic stem cells and primitive germ cell tumors.
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CLDN6 has been demonstrated to suppress cancer cell growth and induce cell apoptosis. 12, 13 In a former study, CLDN6 has been demonstrated to function as a tumor suppressor in breast cancer, inhibiting the breast cancer cell growth, migration, as well as invasion through p38/mitogen-activated protein kinase (MAPK) pathway.
14 Moreover, another study has suggested that silencing of CLDN6 enhances migration ability of the human breast epithelium cell line HBL-100. 12 ZavalaZendejas et al 15 have implicated that increased expression of CLDN6 can promote the tumorigenic properties of a gastric adenocarcinoma cell line. In addition, CLDN6 is a biomarker for pediatric tumors. 16 However, so far, there is no published report on the CLDN6 expression in EC tissues, and the exact mechanism underlying CLDN6 in EC remains unclear.
Therefore, in our study, we designed to investigate the expression of CLDN6 and its clinical-pathological characteristics in EC. As cancer is characterized by increased migratory/invasive capacity, we examined the migratory/ invasive ability of HEC-1-B cells with CLDN6 knockdown in the current study. Transwell assay results showed that knockdown of CLDN6 caused significant suppression of migratory/ invasive capacity. Our results demonstrated that CLDN6 might serve as a potential therapeutic target for EC.
Materials and methods

Patient samples
This study was approved by the Research Ethics Committee of Danyang People's Hospital of Jiangsu Province, China. Specimens were collected after obtaining written informed consents of all patients. The EC tissues and their matched adjacent non-tumorous (ANT) tissues were collected from 82 cases of EC patients and 82 ANT samples through surgical resection at Danyang People's Hospital of Jiangsu Province between March 2009 and January 2013, and were confirmed by histopathological evaluation. These samples were immediately frozen and stored at -80°C until use. All EC patients received no preoperative treatment, for example, radiotherapy or chemotherapy. The overall survival (OS) was defined as the interval between the surgery and the date of death or the end of follow-up.
clDn6 expression in The cancer genome atlas (Tcga) database TCGA covers the clinical data from 552 samples of EC and 35 normal tissue samples. The difference of CLDN6 expression level between normal tissues and EC samples was analyzed using limma (version 3.36.3; http://bioconductor. org/packages/release/bioc/html/limma.html). 17 The data were downloaded on November 19, 2017. cell line and culture supplemented with 10% FBS (Gibco), 100 U/mL penicillin, and 0.1 mg/mL streptomycin at a condition of a humidified atmosphere of 5% CO 2 at 37°C until 75% confluent.
Knockdown of clDn6 in ec cell line and transfection
The high CLDN6 expression in EC cell line HEC-1-B was used to establish the stable CLDN6 knockdown cell line. Small interfering RNA (siRNA) targeting CLDN6 (si-CLDN6) was applied to suppress the expression of CLDN6 gene in HEC-1-B cell line. A negative control siRNA was commercially generated by transfecting cells with the vector constructed by targeting a sequence that did not yield any appreciable knockdown of the protein production (Shanghai GenePharma Co. Ltd, Shanghai, China 
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Knockdown of clDn6 inhibits ec growth via Pi3K pathway was measured by qRT-PCR using glyceraldehyde 3-phosphate dehydrogenase (GAPDH) as an internal control, and the data collection was implemented on the Bio-Rad System (Bio-Rad Laboratories Inc., Hercules, CA, USA) based on the manufacturer's instructions. The primer sequences were: CLDN6, forward: 5′-TGTTCGGCTTGCTGGTCTAC-3′, reverse: 5′-CGGGGATTAGCGTCAGGAC-3′; GAPDH, forward: 5′-GGAGCGAGATCCCTCCAAAAT-3′, reverse: 5′-GGCTGTTGTCATACTTCTCATGG-3′. Ct method was applied to quantify the transcripts. The average value in each triplicate was used to calculate the relative amount of CLDN6 using 2 -∆∆ Ct method relative to GAPDH. The PCR conditions were set as 95°C for 5 minutes, followed by 40 cycles of 95°C for 30 seconds, 60°C for 45 seconds, and 72°C for 30 minutes.
cell counting kit-8 assay and colonyformation assay
In the present study, cell counting kit-8 (CCK-8) assay was used to evaluate the cell growth at 24, 48, 72, and 96 hours after CLDN6 knockdown according to the previously described report. 18 Specifically, HEC-1-B cells, with and without transfection, were incubated in 96-well plates in 100 µL of RPMI-1640 containing 10% FBS and cultured at 37°C for 4 days. Cell viability was documented every 24 hours. Then, CCK-8 dye as well as culture medium (at a ratio of 1:10) were added to each well and incubated for 1.5 hour at 37°C at 5% CO 2 . After that, we read the absorbance by means of a microplate reader at 450 nm. The OD450 values were proportional to the total number of live cells. This proliferation experiment was repeated at least 3 times.
For the colonies' formation, si-CLDN6 and si-control cells were placed into fresh 6-well plates and cultured in media supplementing with 10% FBS, replacing the cell medium every 4 days. Following 2 weeks, the colonies were fixed with 4% paraformaldehyde and stained using 0.1% crystal violet (Sigma-Aldrich Co., St Louis, MO, USA). The visible colonies containing .50 cells were manually calculated. Each assay was duplicated at least 3 times independently.
Wound-healing assay
Cells were cultured to confluency and wounds were created by dragging a 10-µL pipette tip through the monolayer. The cells were allowed to migrate for 24 hours. The wound images were monitored using microscopy (Olympus, Tokyo, Japan) at 0 and 24 hours after wounding. The widths of the wounded areas were measured at 0 (W0) and 24 hours (W24). The relative migration distance was calculated as (W0-W24)/ W0×100%. A minimum of 5 random areas were recorded.
cell invasion and migration assays
In order to reveal the effects of CLDN6 on cell migration and invasion, trans-well experiments were implemented using 6.5 mm transwell chambers with 8.0 µm pore-size polycarbonate membranes with or without Matrigel (BD Biosciences). In the invasion experiment, the upper chambers were first coated with 100 µL of Matrigel. In both invasion and migration assays, cells were suspended in serum-free medium at a 1:6 dilution (BD Biosciences) and incubated at 37°C for 4 hours. Subsequently, cells were loaded onto the top chamber of the transwell at a density of 5×10 5 cells/mL (200 µL/chamber). The lower chambers were filled with 500 µL complete media containing 10% FBS. After overnight incubation at 37°C in an air/5% CO 2 atmosphere, non-invasive cells were removed from the top chambers with cotton swabs. The remaining cells that were attached to the underside of the membranes were fixed using 4% paraformaldehyde and stained with 0.1% crystal violet for 20 minutes. Next, the cells were counted in 5 randomly selected fields of view using a microscope (Nikon ECLIPSE 80i system), and the average value was recorded for every field. Each experiment was conducted at least 3 times.
Western blotting analysis
Total proteins were extracted from the HEC-1-B cells after complete cell lysis and separated by SDS-PAGE. Our interested proteins were determined based on corresponding specific antibodies after transferring to polyvinylidene difluoride membranes. The following antibodies were used for analysis: anti-AKT at 1:1,000 dilution, anti-p-AKT (1:1,000), antimTOR (1:1,000), anti-PI3K (1:1,000), anti-p-PI3K (1:1,000), anti-CLDN6 (1:1,000), and anti-GAPDH (1:5,000, GAPDH was used as an internal reference). Then, the membranes were washed 3 times with Tris-buffered saline with Tween 20 at room temperature and incubated using a horseradish peroxidase-conjugated anti-rabbit IgG as the secondary antibody (Santa Cruz Biotechnology Inc.) for 2 hours at 1:5,000 dilution. An enhanced chemiluminescence (ECL) western blot kit was used to detect all bands by means of ECL system (GE Healthcare Life Sciences). Finally, protein bands were quantified using Bio-Rad Quantity One 1-D software.
statistical analyses
In the current work, we used SPSS 22.0 software to perform all statistical analyses. Each assay was implemented at least 3 times. The data were presented as the mean ± SD, and the comparison between 2 groups was performed using a chisquared test, and multigroups were compared using 1-way ANOVA test. The survival curve was visualized using 
Results
expression of clDn6 in ec tissues and cell line
To begin with, the CLDN6 expression level in EC samples (EC samples =552; normal samples =35) was analyzed on the basis of the RNA-Seq data obtained from TCGA database. Figure 1A shows that CLDN6 expression level was overexpressed in EC tissues (P=8.29E−15). Then, the relative expression level of CLDN6 in EC tissues (n=82) compared with corresponding ANT tissues (n=82) was examined by means of RT-PCR and normalized to GAPDH.
As shown in Figure 1B , the CLDN6 level was remarkably upregulated in EC tissues compared with corresponding ANT tissues (P,0.001). These indicated that abnormal CLDN6 expression might be associated with EC pathogenesis. Subsequently, the expression of CLDN6 in the EC cell line HEC-1-B was evaluated using qRT-PCR. The PCR results demonstrated that HEC-1-B cells showed a higher expression of CLDN6 compared with the normal human ESC (P,0.001, Figure 1C ).
relationship of clDn6 expression level with the clinicopathological factors in ec patients
In an attempt to reveal the clinical relevance of CLDN6 expression in EC patients, we conducted the correlation analysis between CLDN6 expression and clinicopathological factors, for instance, age, histological type, clinical stage, and grade. The relationship of CLDN6 expression level with Figure 1 CLDN6 expression level in EC was significantly upregulated. Notes: (A) clDn6 expression level of patients with ec (n=552) and controls (n=35) from the Tcga database was analyzed. (B) relative expression levels of clDn6 in ec tissues (n=82) relative to corresponding anT tissues (n=82). clDn6 expression was examined using Pcr and normalized to gaPDh. (C) relative expression levels of clDn6 in ec cell line hec-1-B relative to corresponding control cell. clDn6 expression was examined using qrT-Pcr and normalized to gaPDh. **P,0.001. Abbreviations: Ucec, Uterine corpus endometrial carcinoma; anT, adjacent non-tumorous; clDn6, claudin-6; ec, endometrial carcinoma; esc, endometrial cells; Tcga, The cancer genome atlas.
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Knockdown of clDn6 inhibits ec growth via Pi3K pathway the clinicopathological factors in EC is shown in Table 1 high level of clDn6 is predictive of worse prognosis of ec patients
The relationship between the CLDN6 expression and the survival time of EC patients was further analyzed using Kaplan-Meier analysis and log-rank test. We found that EC patients with high CLDN6 expression exhibited a worse prognosis, relative to those with low level of CLDN6 (Figure 2, P=0.005) . Next, in order to further prove the prognostic role of CLDN6 in EC patients, univariate and multivariate COX proportional hazards analyses were conducted to analyze the independent prognostic factors for survival in EC patients. Univariate analysis demonstrated that the histological type (P#0.0001), clinical stage (P=0.0003), and CLDN6 expression (P=0.008) were significantly related to the OS of EC patients, as shown in Table 2 . However, multivariate analysis suggested that histological type was an independent prognostic factor for the OS of EC patients ( Table 2 , P=0.016). Accordingly, these results indicated that upregulated expression of CLDN6 might predicate a poor prognosis of patients with EC.
Knockdown of clDn6 inhibits cell proliferation and growth of hec-1-B cells after transfection
To investigate the role of CLDN6 in EC cells, the CLDN6-specific si-CLDN6 was designed and transfected into EC cells to further determine its effect on the cell growth of EC cell in vitro. The expression level of CLDN6 was detected by qRT-PCR and western blotting 72 hours after transfection ( Figure 3 ). As listed in Figure 3 , si-CLDN6-transfected cells displayed a significant reduction in both mRNA and protein level of CLDN6 compared with the control group in HEC-1-B cells (P,0.001 in the results in qRT-PCR and western blotting).
CCK-8 assay results revealed that the CLDN6 knockdown obviously suppressed the proliferation rate of HEC-1-B cells (Figure 4 ) at 48 (P,0.05), 72 (P,0.001), and 96 hours (P,0.001). Consistently, a colony-formation assay implicated that CLDN6 knockdown significantly inhibited the colony numbers of HEC-1-B cells (P,0.001, Figure 5 ).
inhibition of migratory/invasive capacity by clDn6 knockdown
Transwell assays were carried out to assess the potential effects of CLDN6 knockdown on the migratory and invasive abilities. As shown in Figure 6 , invasive and migratory cell proportion in HEC-1-B cells with transfection was significantly lower than those in un-transfected HEC-1-B cells (P,0.001), suggesting a suppression of invasive and migratory ability of HEC-1-B cells after CLDN6 was knocked down. After 24 hours of wound generation in the clDn6 knockdown suppresses the activation of Pi3K signaling of hec-1-B cells
To further explore whether the abnormal CLDN6 expression mediates the PI3K signaling, a series of biomarkers including AKT, PI3K, and p70S6K were examined based on western blotting analysis. As shown in Figure 7 , CLDN6 knockdown remarkably decreased the p-AKT, p-PI3K, and mTOR in HEC-1-B cells (P,0.001).
Discussion
One of the first steps in cancer progression and metastasis is loss of cell-to-cell adhesion. 19 As we all know, CLDNs are important for tight junction formation, but the changes in their expression or localization often result in the changes of the tight junction structure and function, which exert key functions in the transform in motility, cancer progression, invasion, and metastasis. 20 CLDN6 was overexpressed in multiple-tumor tissues (such as gastric cancer, esophageal squamous cell carcinoma, and lung cancer) and its expression was correlated with tumor invasiveness and metastasis, and thus it might be a prognostic factor of poor outcome. [21] [22] [23] However, whether CLDN6 regulated the progression of EC is still unknown. To the best of our knowledge, this is the first report in which we assess the prognostic impact of CLDN6 on EC. In our study, CLDN6 knockdown decreased cell proliferation and migration, accompanied by the suppression of PI3K/AKT/mTOR pathway in HEC-1-B cells.
In our study, by using CLDN6 knockdown of HEC-1-B cells as a model, we found the significantly lower rates of cell proliferation in CLDN6 knockdown cells compared with control cells. Additionally, the knockdown of CLDN6 was observed to result in a decreased migratory and invasive ability in HEC-1-B cells. Our results were in line with previous studies, indicating an oncogenic role of CLDN6. [24] [25] [26] However, the exact mechanisms remain poor. Significantly, a former report has demonstrated that enhanced proliferation and migration of tumor cells may be caused by the altered change in ionic microenvironments in the lateral membranes. 27 Moreover, epithelial to mesenchymal transition (EMT) is one of the mechanisms of tumor migration and invasion.
6-8 CLDN6 may suppress migration and invasion of cancer cells via EMT inhibition. 26 However, the mechanisms that could explain how CLDN6 regulate cell proliferation rate, migration, and invasiveness still remain to be revealed. 
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Knockdown of clDn6 inhibits ec growth via Pi3K pathway
Activation of PI3K/AKT/mTOR signaling pathway plays a critical role in the initiation and progression of many cancers, for example, colon, bladder, and ovarian cancers. [28] [29] [30] Activated PI3K recruits AKT to the plasma membrane, inducing its activation, which in turn phosphorylates various proteins, for instance, mTOR, caspase-3, and so on. 31 , 32 Gille et al 33 have demonstrated that the stimulation of mTOR leads to the activation of PI3K in endothelial cells, increases cell migration, and induces angiogenesis. Trisciuoglio et al 34 also
have suggested that PI3K-dependent pathway participates in the angiogenesis. Significantly, the formation of new vessels has been proven to cause EC progression. 35 In our study, a decreased expression of PI3K/AKT/mTOR signaling pathway in CLDN6 knockdown cells was also found, suggesting that PI3K/AKT/mTOR might be an important pathway involved in altering the phenotype of the cells following CLDN6 knockdown. Of note, our results are consistent with a previous study that reported that PI3K/AKT/ mTOR signaling pathway is activated in EC pathogenesis. 36 Significantly, Zhang et al 37 have demonstrated that miRNA-101 decreased HEC-1-A cell proliferation and invasion through attenuating the activity of the pathway of PI3K/ AKT/mTOR. Thus, we infer that CLDN6 inhibition might, to a certain degree, regulate the suppression of PI3K/AKT/ mTOR signaling pathway in EC, thereby inhibiting tumor initiation and progression.
However, we found that by multivariate analysis, CLDN6 expression does not significantly affect the OS. It is possible that the adjusted OS curve might not show any difference based on CLDN6 expression. Therefore, it is necessary to increase the sample size and samples of different pathological stages and grades for further study. Moreover, the information in many materials in TCGA is incomplete, which has an impact on relevant statistical analysis. We are now increasing the collection of our own clinical cases and hope that this issue can be better explained in the future. 
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Knockdown of clDn6 inhibits ec growth via Pi3K pathway Taken together, our study has implicated that upregulation of CLDN6 expression results in a relatively malignant phenotype mediated through PI3K/AKT/mTOR signaling pathway in the EC cell line HEC-1-B, further supporting the hypothesis that CLDN6 is likely to be a promoter in EC. Increased expression of CLDN6 might contribute to the malignant progression of EC.
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